The effect of CPP-III, a commercially available casein phosphopeptide, on the mRNA expression of cytokines in Caco-2 cells was investigated. CPP-III enhanced the mRNAs of interleukin (IL)-6 and tumor necrosis factorwhile IL-1 was not affected. The mRNA expression of IL-6 was stronger in the presence of both CPP-III and bacterial components such as peptidoglycan from Lactobacillus acidophilus and lipopolysaccharide from Salmonella typhimurium. These results suggest that CPP-III influences the expression of cytokines in intestinal epithelial cells.
Casein phosphopeptides (CPPs) are phosphorylated peptide fragments resulting from proteolysis of calciumsensitive caseins by the action of digestive enzymes. It is well known that CPPs enhance calcium absorption via the phosphoserine (SerP)-rich region in animal intestinal tracts. 1) On the other hand, a recent study indicated that the sequence containing SerP-X-SerP stimulated IgA production in mouse spleen cell cultures. 2) CPP-III, a commercially available casein phosphopeptide, was shown to enhance intestinal IgA levels in mice via enhancement of interleukin (IL)-5 and IL-6 by spleen cells. 3) On the other hand, intestinal epithelial cells (IECs) are reported to participate in the mucosal immune response by the production of a variety of cytokines. 4) In fact, some intestinal epithelial-like cell lines such as Caco-2 and Int407 have been shown to produce IL-6, which is an important cytokine for IgA production. 5, 6) But, little is known about the effect of CPP-III on the expression of cytokines in these cells.
In this study, we evaluated the effect of CPP-III on mRNA expression of cytokines in Caco-2 cells.
CPP-III, consisting of about 90% casein phosphopeptides such as bovine s2-casein (1-32) and -casein (1-28), was purchased from Meiji Seika (Tokyo, Japan).
Caco-2 cells were obtained from the American Type Culture Collection (Manassa, CO) and cultured in Dulbecco's modified Eagle's medium supplemented with 10% (v/v) heat-inactivated fetal calf serum, 1% (v/v) non-essential amino acids (Sigma-Aldrich Inc., St. Louis, MO), 4 mM L-glutamine, 50 IU/ml penicillin, and 50 g/ml streptomycin at 37 C in a humidified atmosphere of 5% CO 2 in air. Escherichia coli IFO 3301, Salmonella typhimurium IFO 12529, and Lactobacillus acidophilus IFO 13951 were purchased from the Institute for Fermentation, Osaka (Osaka, Japan) and cultured according to the supplier's instructions. Lipopolysaccharide (LPS) from S. typhimurium was purchased from Sigma-Aldrich. Peptidoglycan (PG) from L. acidophilus IFO 13951 cells was prepared as follows. 7) Trichloroacetic acid (10%, w/v) treated (80 C, 10 min) bacteria were centrifuged at 10;000 Â g for 10 min and washed twice with sterilized distilled water. The bacterial cells were suspended in 100 l of ethyl ether and stirred vigorously. After the ether was removed by decantation, the cells were washed with 0.01 mol/l phosphate buffered saline (PBS) at pH 7.2 containing 0.15 mol/l NaCl by centrifugation at 10;000 Â g for 10 min. The precipitate was treated with 0.2 mg/ml Actinase E (Kaken Seiyaku, Tokyo, Japan) in 5 ml of 0.01 mol/l PBS (pH 7.2) at 37 C for 6 h. After the mixture was centrifuged at 10;000 Â g for 10 min, the precipitate was washed three times with distilled water by centrifugation at 10;000 Â g for 10 min. The washed material was lyophilized and used as PG.
Caco-2 cells (5 Â 10 4 cells/dish) were cultured with CPP-III at concentrations of 0, 10, or 100 g/ml in the presence and absence of heat-killed (65 C, 30 min) bacterial cells (1 Â 10 8 cells/ml) or bacterial cell components (500 g/ml). Exfoliated cells were removed by decantation. The Caco-2 cells were collected with a cell scraper and washed twice with ice-cold 0.01 mol/l PBS (pH 7.2) by centrifugation at 10;000 Â g for 10 min. Total RNAs were extracted from the Caco-2 cells using y To whom correspondence should be addressed. Fax: +81-265-77-1431; E-mail: tkawafb@shinshu-u.ac. C for 50 min. The resulting cDNA was subjected to polymerase chain reaction with a Taq PCR Core Kit (Qiagen Inc., Chatsworth, CA) and 10 pmol/l cytokines and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) specific primers. The primer sequences for amplification of cytokines and GAPDH were as follows: IL-1 (sense) The mRNA expression of IL-6 increased in the presence of CPP-III, especially on day 8 of culture. On the other hand, no obvious difference was found in the proliferation and the monolayer formation of Caco-2 cells (data not shown). Therefore, Caco-2 cells were cultured with 0, 10, and 100 g/ml of CPP-III for 8 d and evaluated for the mRNA expressions. As shown in Fig. 1 , CPP-III enhanced the mRNA expression of TNFas well as IL-6 in a dose-dependent manner, while the expression of IL-1 was not affected. TNF-has been reported to mediate production of IL-6 in Caco-2 cells. 8) Hence, CPP-III is presumed to stimulate the mRNA expression of IL-6 in a direct way or in a TNF--mediated indirect way.
It is known that cytokine production of IECs is influenced by intestinal bacteria in the intestinal immune system. Wallace et al. 9) reported that lactic acid bacteria regulated the expression of cytokines in IECs. Moreover, Klimpel et al. 10) observed S. typhimurium-induced cytokine productions in intestinal tracts, and Marc et al. 11) reported E. coli-induced expression of IL-6 in Caco-2 cells. Therefore, the effect of CPP-III on the cytokine response of Caco-2 cells in the presence of heat-killed L. acidophilus IFO 13951, S. typhimurium IFO 12529, and E. coli IFO 3301 was evaluated. As shown in Fig. 2 , CPP-III more strongly enhanced the mRNA expression of IL-6. Moreover, the enhancing effect was observed in an experiment using PG from L. acidophilus and LPS from S. typhimurium in place of bacterial cells (Fig. 3) . These results suggest that CPP-III enhances the mRNA expression of IL-6 in Caco-2 cells in the presence of PG or LPS.
CPP-III was found to enhance proliferation of LPSstimulated spleen cells in vitro.
12) Signal transduction of PG and LPS mainly involved toll-like receptor (TLR) 2 and TLR4, expressed on the cell surfaces of B cells and macrophages, respectively. 13, 14) In addition, IECs, including Caco-2, have been reported to respond to PG and LPS by expressing TLR2 and TLR4. 15) Hence, CPP-III is presumed to exert stimulatory effects on TLR2-and TLR4-mediated cytokine responses, but the mechanism of the stimulatory effect of CPP-III on the TLR2-or TLR4-mediated signal pathway is still unclear.
Otani et al. 2) found that the tripeptide sequence SerP-X-SerP was essential for the IgA-enhancing effect ofcasein (1-28) purified from CPP-III. Moreover, enhance- 3) Hence, the stimulated mRNA expression of IL-6 in Caco-2 cells was attributable to constitutive CPPs.
In the present study, we found that CPP-III enhanced the expression of IL-6 and TNF-in Caco-2 cells by itself and also enhanced expression of IL-6 in Caco-2 cells in the presence of PG or LPS. Hence, orally ingested CPP-III is expected to enhance the intestinal immune response via regulation of levels of IL-6 from intestinal epithelial cells.
